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Electronic device having an rf circuit integrated into a movable housin g lament 



B ?L K, en u r8d . i0 ,re °. uenc V <RF> circuit is integrated into 

muTc n e H h °T 9 I*™* of an *ctronlD device one 
must cons.der he affects of the surrounding area when 

ImhoH- rc »' 18 8 functi °™9 position. A preferred 

O05) ?n^J7 r f }0te,eph ° ne (,00) havino an antenna 
(105) integrated mto a movable housing element (101) 
The antenna (105) has two functioning positions an 
opened and a closed position. The antenna RoShSnS 
for efficiency when the movable housing element OoTs 
in the opened position. When the movable housing 
ejemem (101, is in the closed position, a f4 paTo* 
conduct.ve plates (107. 109) located in the movable 
housing element (101) and a second conductive plateOiaJ 
located m the second housing element fl03, are 
posmoned to retune the antenna (105) due to the deWng 
affects caused by the close proximity of other electron"? 
components located in the second housing element?!™ 
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. : , ELECTRONIC DEVICE RAVING AN RF CIRCUIT 
INTEGRATED INTO A MOVABLE HOUSING ELEMENT 

Field of the Invention 

{. Generally, this inyentjpn 'relates^© radio frequency (RF) 
circuits^in^ more specifically tq 

integrating those .RF circuits into a movable housing element 

fV ^qf M-el^onic device. ^ Ui ^ ih ~ . \, : 

BaE^^und^Qf thg Indention : , r , e ; . 

i i .Q^e^Iy^ electronic devices, such as,pprt%ble radios, are 
^cx^ing ph^ 

; manufacturers, are de™ Consequently, 
some radios r^uireya^cpmpacfe integrated antenna to, provide 
either a second antenna for diversity or to conceal the primary 
antenna for cosmetic purposes: vr , r/ _ 4 . ' . rj: ' 

Since most of the surface area of a portable radio is -x 
normally .obstructed by a userjsj hand,: a logical location for an 
int^gi^ated mitenna is in an extended] portion pf the 
radiotelephone housing. This (Bsteodedj housing may be 
realized by rotating a flip outwards, by twisting a portion of the 
^d|pt^l?j>hone>>otising f pt lt by * sliding a pprtipn 1 of the 
■ radiotelephone Rousing from a f first -position to, a second 
position. Such & portable: Radio has valid modes of operation 
when the housing element is in the first position as well as in 
the secpnd. position,; u . K ; , ... ,-. r . , , y ■ 

Consequently, any antenna . or RF : circuit designed to be 
integrated into a movable housing element must be designed 
such that it performs well in both in the first position and the 
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1 second position. A : difficuity in the antenna design arise s 
1 " When the ahtenna in the second position b in f close proximity to 
the electrical components of the portable radio and the antenna 
in the first position is further away from the inner components 
of the radio. Typically, an antenna'tauat be tuned to match the 
impedance of the power amplifier for maximum performance 
of the antenna." The matching' 6f fen antenna is 1 highly 
dependent upon the? position W the^a^tenaa' daring its 
'operation. H«re, the antenn^has 5 two jmyBical fpositions in 
which it must operate efficiently, li ' the aTKenna is : tuned when 
in the first position, then when the antenna is in the second 
position, near the electrical a&ptfhents'of-the -tfttftseiiver, the 
antenna is detuned. A detuned antenna has a poor impedance 
mfitch ttf the power ainplifier and suffers a sfibstanlial loss of 
performance? Thiis/it ls'feetasssary to' develop an auStenna thai 
functions efficiency when* lh'e^e>^l#%o«^g^ertfetft is in 
the first position -said in the second -position. !i si ' " - : °' • 

ttrigf DeBcrip tinn nf the Brfiwmtefc ^ ■ ^ ' > ^ r:.- 

:v» FIG ; . l'4s ah illustration of a radiotelephone having a * 
movable housin , g , ele»ent"ih an bpehed po^itioh m-4w:cordance 
With the, pi*sentUh i venti6n.- " [ ' • vs 

.!_:!!•. 'i -i %cii'- v.i .;J <riw v r-> </*i a^si*/*** . 

FIG.' 2 tean illustrtftmB^ in 
FIG. 4 with the kfbvdbl* bofi^lriftiiwlfm -clofcea position 
« : in accordance"' wtf b *he present invention/' ^ ' : ! 

FIG. 3 is an illustration of a portion of the 1 radiotelephone of 
9« FI'Gt 1 in accordance" with 'the present invention.- - 
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Description gf the Preferred Embfldiinent" r: ... 

; FIG. 1 is an illustration of a preferred embodiment of the 
5 present invention., Here, an antenna system is integrated into 
r f a portable radiotelephone 100 such as a 1.9 GHz Japan pocket 
y . ir phone r -jayailabljB| from^Motorola, Inc. portable radiotelephone 
u t »:s< typically includes & keypad- 102* a display .104, a speaker 106, a 
, t , ; , : microphone (not^bo^m) as well as the radiotelephone's 
10 rr- ■el^ir^nic components. The radiotelephone lQ.0 f £s par£ of a ( 
radio telephone system 4 that, uses radio frequency signals to 
qomipunicajtej between a, remote transceiver (pot showp) and a 
plurality of i^diotelephpnejB, such as the mdiot^lephone 100 
Cl illustrated in; FIG. 1. An antenna is used to send and receive 
15 ; ; radip. frequency signals betw^n. the remote transceiver and the 
radiotelephone. As discussed in the backgrpund s it is desirable 
; t© provide an antenna integrated into an extendible portion of 
, -the. radiotelephone's housing. t ( ^ t n, 1 

u _ . .r. Here; the iipusi?ig of the radiotelephone 100 is separated 
20 intp a first housing element 101 and .a second housing element 
. ^ 1Q& The fTirst; housing element 101, algo refc^ed to as a flip, is 
i ^moyabls^ The 
second housing el^n^nt 103 contains a substantial portion of 
; qthe^rt&bje radiotelephone's electronic components. It is 
25 foreseeable that thp ( prasgnt;inven^ipn j^uld be embodied in 
t * :r --r oth^r radio appj^tu^ is 
$-13 v ™j?y^befweiBn the.fir^ ? Positipp and the second position using 
, ; Kj ->a toasting motion,^ rqt^ting mptiqn,; o^a slicing piotion. FIG. 
rj . » - 2 is a^,illustratio|i; of the radiotelephone 100 of FIG. l.with the 
30 x f; fir st movable hous ing ele ment 101 in a closed, s or second 
position,. i; t --w j . rr] ^ - f:r f. .... ( n 



In the preferred embodiment, the antenna system includes 
an antenna~105 > disposed' within the first movableThousing 
element 101, a first pair of conductive plates 107, 109 disposed 
within the first movable housing element 101 and located at a 
5 feed point 11 1 of the antenna 105. Conductive plate' 107 is r " 
electrically coupled to a first terminal 108 of the antenna 105, 
' ' " and conductive plate 109 is electrically coupleU'to a second 
' terminal 1 10 of the* antenna lOST* In the preferred embodiment 

the antenna 105 is -ff haiKwave -4liplAli^ijc^^e^toii»' antennas 

10 could be substituted su'ch as af loop antenna 1 -, apatch antenna, 1 

or a mbno^ole antenna, or any *o£her : kh6wh-antehn'a , . ! f 
i h i • - ; ■ R^g^iesg of the lype^of ahfeirina; the'firlst^iBir of cbtiductive 
u; ' pfclari07;'$ti9 are disposed at r the f feed point fdr^fhW antenna 
105. Aere 1 , tfte feed lxftfit r i-i!l- of the &ij>oW is located as *hown in 
15 FK3. 1\ - A serona conduttive' plate lLlS is disposed within the - 
ll " 'second hbttsmg^lement^lOS as' shown in nO. lv -^he 

conductive plates 107\ l f 09 arid 113 attd-s1^t : c9^dtai>& to the 
antenna system. Alternatively the Shunt Idad capacitance 
— — "—createdby thecctaducti^ away from the 

20 immediat£feed poinVbf ' - 
antenna: impedance <Sari be' matched by ehahgiflg the size of the 
capacitive 'plates and tfte^^ 

1 transmission' line- m : ihe fltp^th^t'Teedg the anitennav '■■ - : - 

FfG. 3 l&an lUuStratibB'^^p^eW-df thW radidtelephone 
25 1 idO of FIGi & - : Sp^cifiii^;'Fl^^i8'^8^'1to' flltistrat^a 1 ^ 
- connection betv/een ^ the^t^hlia^lOS^d^i ti^sceiVW^lS via a 

ti^Bmissibtf iirie 317: The^rahaceiver 315 is' a~ p^rtrbri of the 
<• radiotelephone's 1 electronic components.? The antenna 105 is 
' •■'{ ' tuned to' match' the 1 impedance of -the transceiver 315 while the 

30 -firfct mdvableihdusiiigLelem hlso 

referred to as the first position. When the first movable 
housing element 101 is in the first position, the first pair of 



conductive plates 107, 109 contribute only a small amount of 
sbunt capacitance to the feed point impedance. This additional 
amount of shunt capacitance can be easily accounted for in the 
tuning of the antenna 105. 

^ The second conductive plate 113 is positioned in the second 
housing element such that when the first movable housing 
.element.Jpl is in tlie.secpnd position, the first, pair of 
r ^ndupti^e. plates.. 1,07 1Q9 jsuc^d tiie second conductive plate 113 
are parglijgl to apd in close proxupity to each other. This 
^pai^pdlelpla^^ a s^bst^nti^J increase in 

i £ke. sh^unt.papacitance across thie a^teruia feed point 111. The 
4ncrea.se shunt capacitance e^ctiyely retunes the an^epna 105 
to mq^tain, n^aximuap performance o£]t£ie antenna 105 even 
though the antenna has been brought very close to the 
radiotelephone's, elertraiic components. , t f : 
, k : ;? Wh^n the antenna J05 is optimized, wit ^ the first movable 
^housing element, lQl : in the fb^ .position^ .as illustrated in FIG. 
1, the antenna lp5 f is ; essentially tuned for free-space pperation. 
When the first movable housing element 101 is in, a second 
position, as illustrated in FIG. 2, it is close to the 
radiotelephone's electronics components. If dielectric is not 
present, image theory predicts with the first movable housing 
element in the second position the radiation resistance will 
drop and the antenna impedance will become dominated by 
capacitive reactance. In this case, adding shunt capacitance 
at the feed point will not compensate for the detuning affect 
caused by the radiotelephone's electronic components. 

In the actual practice, when the first movable housing 
element 101 is in the second position, as illustrated in FIG. 2, 
the antenna 105 is not separated from the radiotelephone's 
electronic components by air, rather, they are separated by 
various dielectric layers created by the housing, keypad and 
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J display.' T*hese ^electric layers f have dielectric cbtUtant which 

are greater than one. the presence of the higher dielectric 
' material increases the effective felectrical length' bf the antenna 
105 when the first movable housing element 101 is in the 
5 second position, thus, ciusing ttie antenna impedance to 

become inductive rather than capacitive. Consequently, the 
addition of the shunt cdfracitance cr&tted by the conductive 
plates 107, i09, 113 rematcfcfcs'tile antei&ik iinpfedaice to the 
iransceiver-s im^idahce. lk c^fifeV wd^rt^ f ^ht ; " 
10 fcap&itance modifies ihci -fefieciivfe electrical fengta^cff the 

aritenii^ 1 id5 td equi¥ thfe effettiVe elettt'tfcfil lengttf wKfen the 
biitefana 105 7 is in thd'firfetposit^ 'effects fiave been 

verified'' by simulation Wdl^en^eirit W dieafed in "Tables 1- 

15 Although the' text ct the pfjefexredP €&nb\>diment discusses? 

* the' integration of an antenna into* a movable housing element 
• ' ■ ' of a radiotelephone, the inventors eninsion ilieir iiiVeki'tibn to be 
n applicable tcr integrating ^yM 

• ' * element of an 1 electronic* device? - ( " ! ' ' ' ' s 1 ■ *.'"■*< ; , 

».«'.. #J : \D sn F ^'i/' . m \ .«.vrl; v--. >/•"'> J-.s 

.. . '-ir-o; ■ :*:: Iliv." - '.-iMQJiia wi* b^..t i;r j ■ 

,f ; .': « Vu /. 'H* »■'.'!'■" 4 *£' • ' 
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_ .Return loss fharanmiaic of the antenna in free space. 
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SPAN 400. OOO OOO MHz 



CENTER 1 OOO. OOO OOO MHz 

Return loss characteristic of the antenna in normal -use position near the user's head. 
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CLAIMS 

1. An electronic device having a first housing element and a 
second housing element, where in the first housing element is 
5 _ movable between a first position and a second position, the 
.. LIKf el^ctronjc^ device comprising:, rkKr . v u f , 

a radio frequency (RF) circuit having an impedance 
disposed within the first housing element; 
, , / a first conductive plate disposed within the first housing 
,10 :7f element; and / -j. * ..: <> r <.-^i. - ; ■. 

a second conductive plate exposed within the second 
housing element and positioned such that when the first 
, ,.. . , housing element is in the first position the second conductive 
... ipliat^ h^ a minmaJ the impedance of the RF circuit 

15 and when the first housing element is in the Second position 
the second conductive plate is in close proximity to the first 
conductive plate and has a substantial effect on the impedance 
of the RF circuit 
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V ■ I; 



2. An electronic device in accordance with claim 1 wherein 
r ' ht ' said? RF ^circuit is an antenna. :i ! * 

5 3V An electronic device ixi accordance with claim' I wherein 

said first housing element is^flipped betWeen' skid* first position 
and said second position*. * ' - /v ; fi i i '< * 

; i i 1 r 4. An electronic devicer in accordance ; with Vlaiin 1 wherein 
10 said first housing element is twisted between said 1 first position 
k and safid secfcad* positii&i. Ti * i * ^ ? r ;..o ^ : a 

v : l- ^5; -An electronic '<tevice in accordiance with dlkiM r l herein 

;\ said fim housing element is sUd betw^n 
15 and; said* second position. i ^ ^ ^ n ^ ; 



V.' 



i 
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6. A radio having a f\rst housing element and a second 
housing element, where in the first housing element is 
movable between a first position and a second position, the 
» radio o comprising: >>; i; , hi? 

, ; ; tc an . antenna, haying an, electrical length,, a feed point and 
disposed within the first housing element; 

at least a first conductive plate disposed within the first 
housing element^ an;d ;^ t. ;; . . 

a second conductiye j; plate disposed within thej second 
housing element and positioned such that when the first 
housing element is, i^t^ 

■tota minimal effecton the electrical (length of the •] 
antenna and ,when *he r /irst Rousing element is in the second 
position . th^ second cpadurtive o piate is in dose proximity to the 
a% leas* fi^conductjye plate and, creating a substantial effect 
on the..electricaJ i length'pf i the antenna. . r 



7. A radio in accordance with claim 6 therein said at least*' 
first conductive plate is positidned £t the 1 feed- point of the 
antenna. - T ;t • ' wJ : !; - ,; - b 

8. A radio in accordance with claim Wheffeiii said fifrst 
antenna is* a half^ave &ipble'»^it^nad ilJ J f ' ! - ,fc ; - 4 : 

oil:? <; / t« :J • ■ ;■ : >i .Ornovf h: c i J?3ii jc::'i.'trf 

9. jA radio^inikccoTdance ; With dPaiih 6 Wh§rfein"the tiadio 
contains othfer electronic components f %P%Bidh ; a Wbfetantial 
cportion of Said other electrohic W)mpoii6nt6 3iJ*e disposed within 
said second housing felement the^by ttr^a^ 

conductive body in the second housing elemeM 1 siich that when 
the first housing element is in the second 'pofeitioiS, -the' 
electrical length of the antenna is adversely affected, the size 
and position of the at least first conductive plate and the second 
conductive plate counteract the adverse affect of the electrical 
length of the antenna caused by the large conductive body,:* 



10. A radio communication device having a first housing 
element and a second housing element, ;tl)je fir^t housing 
element is movable between a first position and sl second « re- 
position/ the second housing element contains a substantial 
portion of the radio communication device's electronic 
components, creating a conductive body in the second housing 
element, the radio communication device comprising: 

an antenna having a first impedance, a feed point, a, first 
^terminal, a; second terminal anjd disposed .within. the first ? r r , 

a first pair of conductive plates disposed on the first 
terminal and the second terminal' at the teed poiitt of the 
antenna and within the first housing element; and r>\ 

a Becond conductive plate disposed within the second 
housing element and positioned such thfrt when the ; fir$t „ u 
housing element is intheii^ 

plate has a minimal effect on the Jmpedance of the antenna 
and when the first housing element is in the second\position 
the second conductive plate is in close proximity to the first pair 
of craductive i)lateS £ CKating aniefFect on the impedance of the 
antenna to counteract the affect of the conductive body on the 
impedance of the antenna. 
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